
BELLCOMM, I N C .  
955 CENFANT PLAZA NORTH, S.W. WASHINGTON, D. C. 20024 B 6 9  1 2 0 6 6  

SUBJECT: Comparative Analysis  of L i f e  
Support Systems f o r  Emergency 
Return During Lunar EVA - 
Case 320 

ABSTRACT 

DATE: December 1 9 ,  1969  

FROM: T .  A.  Bottomley 
- .  

Following t h e  October 3 1 ,  1 9 6 9  CCB meeting i t  w a s  proposed 
t h a t  a )  procurement of t h e  Secondary L i f e  Support  System (SLSS) be 
cance l l ed  and b )  t h a t  cons ide ra t ion  be given t o  modifying t h e  -7 
PLSS t o  accommodate t w o  crewmen a t  one t i m e  (buddy system) f o r  use  
i n  an emergency mode. 

PLSS and o t h e r  p o t e n t i a l  con f igu ra t ions  based on performance r e q u i r e -  
ments f o r  carbon d iox ide ,  humidity and thermal  c o n t r o l  dur ing  l u n a r  
EVA emergency r e t u r n  t o  t h e  LM. The va r ious  c o n f i g u r a t i o n s  a r e  com- 
pared on t h e  bases  of r e t u r n  d i s t a n c e  c a p a b i l i t y  and weight pena l ty .  

t w o  conf igu ra t ions  are l o g i c a l  candida tes  f o r  emergency use i n  LEP. 

This  memorandum covers an a n a l y s i s  of t h e  buddy system 

Based on t h e  r e s u l t s  of t h i s  s tudy ,  it i s  concluded t h a t  

a )  -7 PLSS/SLSS, and 

b )  buddy -7 PLSS/OPS 

Both conf igu ra t ions  provide about  t h e  s a m e  r e t u r n  d i s t a n c e  
c a p a b i l i t y  b u t  t h e  buddy -7 PLSS/OPS combination r e s u l t s  i n  3 0  and 
4 0  pounds less weight c a r r i e d  t o  and from t h e  moon, r e s p e c t i v e l y .  

t r a n s f e r  on t h e  l u n a r  sur face  and r educ t ion  i n  o r b i t a l  s c i ence  EVA 
c a p a b i l i t y  i f  t h e  OPS i s  used as t h e  primary l i f e  suppor t  system. 
I n  a d d i t i o n ,  emergency walk-back c a p a b i l i t y  i s  l i m i t e d  t o  about  one 
hour  ( t w o  k i lome te r s )  because of t h e  non- l inear  performance charac- 
t e r i s t ics  of t h e  l i q u i d  cool ing  loop and carbon d ioxide  c o n t r o l  
c a n n i s t e r .  

Disadvantages of t h e  buddy arrangement inc lude  vacuum 

Other o p e r a t i o n a l  and engineer ing  unknowns argue f o r  
deferment of any dec i s ion  t o  select  t h e  buddy conf igu ra t ion  f o r  LEP. 
Walk-back ra tes ,  f a n  and pump performance, and in te r -connec t ion  
arrangements are r e p r e s e n t a t i v e  of areas which r e q u i r e  f u r t h e r  
a n a l y s i s .  
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MEMORANDUM FOR FILE 

1.0 INTRODUCTION 

This  memorandum eva lua te s  var ious  p o r t a b l e  l i f e  suppor t  
c o n f i g u r a t i o n s ,  i n  be ing  o r  under development, based on t h e i r  
r e s p e c t i v e  c a p a b i l i t i e s  f o r  s a f e  emergency r e t u r n  t o  t h e  LM dur- 
i n g  a l u n a r  s u r f a c e  EVA. The bases  used f o r  c o n f i g u r a t i o n  des ign  
are performance requirements  f o r  carbon d iox ide  and humidity 
c o n t r o l  i n  t h e  h e l m e t ,  and avoidance of excess ive  body h e a t  s t o r -  
age.  The bases  used f o r  conf igu ra t ion  comparison are maximum 
r e t u r n  d i s t a n c e  c a p a b i l i t y  and system weight .  

1.1 Background 

During t h e  October 30-31, 1 9 6 9  Conf igura t ion  Control  
Board (CCB) meeting, a t o t a l  of n ine  changes t o  t h e  Secondary L i f e  
Support  System (SLSS) w e r e  submitted f o r  board approval .  I n  gen- 
e r a l ,  t h e  proposed changes provided f o r  improved in s t rumen ta t ion  
and r e s i z i n g .  A l l  changes which r equ i r ed  i n c r e a s i n g  t h e  s i z e  of 
t h e  SLSS w e r e  disapproved because of p o t e n t i a l  impact on LM stow- 
age and i n t e r f e r e n c e  with LM systems dur ing  pre-  and pos t -  EVA 
a c t i v i t i e s .  (1) 

Subsequent t o  t h e  CCB meeting it was recommended t h a t  t h e  
requirements  and c a p a b i l i t i e s  f o r  backup l i f e  suppor t  s y s t e m s  be 
reexamined cons ide r ing  a )  cance l l i ng  procurement of t h e  SLSS and b )  
provid ing  a buddy system arrangement f o r  backup l i f e  suppor t  on t h e  
-7 P o r t a b l e  L i f e  Support System. 

MSC/PD was requested t o  examine t h e  f e a s i b i l i t y  of t h e s e  
p roposa l s  f o r  review w i t h  D r .  G i l r u t h  on November 1 7 ,  1 9 6 9 .  A t  
MSC's r e q u e s t ,  an independent review was conducted a l s o  by 
Bellcomm as a check on t h e i r  r e s u l t s .  The B e l l c o m m  f i n d i n g s ,  ex- 
panded t o  cons ide r  o t h e r  p o t e n t i a l  candida te  c o n f i g u r a t i o n s ,  are 
conta ined  i n  t h i s  re o r t .  A summary was s e n t  t o  C .  H .  P e r r i n e  on 
November 1 4 ,  1 9 6 9 .  ( 2  P 
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2.0 DISCUSSION 

Three f u n c t i o n a l l  
t h i s  s tudy .  They were: 

d i f f e r e n t  systems rere va lua ted  i n  

a )  Closed loop,  i n  which t h e  atmosphere and 
thermal c o n t r o l  loops are recondi t ioned  
f o r  r e c i r c u l a t i o n  by t h e  l i f e  suppor t  
system. 

b )  Open loop (purge mode), i n  which consum- 
a b l e s  are suppl ied by t h e  l i f e  suppor t  
system and dumped overboard on a 
continuous b a s i s .  

c )  Semi-open loop,  i n  which consumables are 
supp l i ed  by t h e  l i f e  suppor t  system on a 
demand r a t e  b a s i s  and then  dumped 
overboard.  

The va r ious  system conf igu ra t ions  which were eva lua ted  
c o n s i s t  of hardware developed o r  under development f o r  Apollo, 
and hardware under development f o r  NASA fo r  p o s s i b l e  use i n  
f u t u r e  programs. The lat ter i t e m s ,  though n o t  y e t  f a b r i c a t e d  i n  
f l i g h t - p r o t o t y p e  form, have undergone t e s t i n g  which i n d i c a t e s  
t h a t  they are conceptual ly  sound and may be s i g n i f i c a n t  improve- 
ments i n  l i f e  suppor t  systems development. ( 3 )  

The Apollo hardware which w a s  eva lua ted  c o n s i s t s  o f :  

a )  -7 PLSS - The PLSS i s  a c losed  loop sys-  
t e m ,  unmodified, o r  modified t o  accom- 
modate two men i n  an emergency (i.e. 
buddy system arrangement) . 

b )  Oxygen Purge System (OPS) - The OPS may 
be unmodified or modified t o  provide 
va r ious  oxygen f l o w  rates as r equ i r ed .  
OPS opera t ion  i s  e i t h e r  open loop o r  
semi-open loop when mated with o t h e r  
assemblies  i n  a new conf igu ra t ion .  

Open loop ope ra t ion  of t h e  OPS a t  reduced flow rates 
w i l l  r e q u i r e  modi f ica t ion  of t h e  purge va lve  and, poss ib ly ,  of 
t h e  oxygen r e g u l a t o r  assembly t o  avoid ove rp res su r i z ing  t h e  
s u i t .  use of t h e  OPS w i t h  the b rea th ing  ves t  d i scussed  below 
( i . e . ,  semi-open loop)  may r equ i r e  modi f ica t ions  t o  both the  
OPS and t h e  EMU. For example, t h e  b rea th ing  v e s t  oro-nasal  
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p o r t s  a t t a c h  t o  t h e  communications cap and accommodate t h e  micro- 
phones. As p r e s e n t l y  conf igured ,  t h i s  appara tus  i n t e r f e r e s  w i t h  
t h e  h e l m e t  feed  p o r t .  ( 3 )  

I t  i s  assumed i n  t h i s  a n a l y s i s  t h a t  t h e  -7 PLSS wi th  
t h e  buddy system i s  arranged so t h a t ,  i n  even t  of a PLSS f a i l u r e ,  
t h e  t w o  crewmen w i l l  be connected i n  p a r a l l e l  on t h e  good u n i t ' s  
atmosphere r e v i t a l i z a t i o n  loop and l i q u i d  coo l ing  loop.  S e r i a l  
arrangements are p o s s i b l e  and may be implemented t o  minimize hard- 
ware changes. Connection of t h e  crewmen i n  series on one o r  bo th  
loops, however, w i l l  r e q u i r e  t h a t  PLSS performance c a p a b i l i t y  be 
reviewed wi th  r e s p e c t  t o  t h e  worst case (downstream) a s t r o n a u t .  

Future  hardware considered i n  t h i s  s tudy  c o n s i s t s  o f :  

a )  Breathing V e s t  (BV) - T h e  b rea th ing  v e s t ,  
used i n  conjunct ion with an oxygen supply 
(e .g .  O P S ) ,  provides  fo r  semi-open loop 
ope ra t ion  by supplying oxygen on demand 
wi th  each i n s p i r a t i o n .  The device collects 
t h e  brea thed  a i r  as i t  i s  expi red  and dumps 
it overboard when r e f i l l e d  from t h e  oxygen 
supply 

b)  Evaporat ive Cooling Garment System (ECGS) - 
T h e  ECGS conf igu ra t ion  eva lua ted  here i s  
designed f o r  wear over  t h e  Liquid Cooling 
Garment ( L C G ) .  I t  provides  emergency cool- 
i n g  by evaporat ing se l f - con ta ined  water t o  
space (open loop) i n  event  of primary system 
f a i l u r e  . 

While t h e s e  f u t u r e  i t e m s  w e r e  inc luded  f o r  s tudy  purposes ,  
it must be noted t h a t  e a r l y  development t e s t i n g  i s  s t i l l  i n  p rogres s .  
A t  t h e  p r e s e n t  level of effor t  i t  i s  n o t  considered l i k e l y  t h a t  
f l i g h t  hardware can be made a v a i l a b l e  f o r  t h e  LEP miss ions .  Accord- 
i n g l y ,  a dec i s ion  t o  inco rpora t e  t h i s  hardware i n t o  EVA l i f e  suppor t  
systems f o r  luna r  exp lo ra t ion  i n c r e a s e s  t h e  r i s k  of program s l i p p a g e .  

2 . 1  Performance Requirements 

The func t ions  examined i n  making t h i s  a n a l y s i s  of 
systems performance are provided by t h e  atmosphere c o n t r o l  and 
thermal  c o n t r o l  loops.  The f u n c t i o n a l  requirements and performance 
l i m i t s  a r e  based on c u r r e n t  Apollo s p e c i f i c a t i o n s  covering emergency 
ope ra t ion  dur ing  EVA. ( 4 )  Paraphrased, they  a r e  as fol lows:  
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a )  Atmosphere c o n t r o l  - Provides  adequate 
oxygen flow t o  l i m i t  CO concen t r a t ion  
i n  t h e  oro-nasal area 
t o  n o t  more than 15mm Hg abso lu te  p re s -  
s u r e  and t o  preclude helmet fogging. 

2of t h e  helmet 

b )  Thermal c o n t r o l  - Provide adequate 
coo l ing  (gaseous or  l i q u i d )  t o  l i m i t  
t o t a l  h e a t  s to rage  t o  n o t  more than 
400 Btu. 

The metabol ic  r a t e s  assumed i n  t h i s  a n a l y s i s  are t h e  A7L 
They are as fo l lows:  s u i t  b a s e l i n e  va lues  e s t a b l i s h e d  f o r  LEP.(5) 

a )  Riding - 700 Btu/hr 

b )  Walking (emergency - 1 4 0 0  Btu/hr 
r e t u r n )  

c )  I n g r e s s ,  eg res s  and - 1 1 0 0  Btu/hr f o r  1 .5  hours  
sc i ence  

To ta l  t r a v e l  t i m e  i s  3.5 hours nominal and 4.5 hours  i n  an emergency 
based on t ime- in-su i t  l i m i t s  of 5 hours  (nominal) and 6 hours  
(emergency). Maximum r e t u r n  d i s t a n c e  i s  computed f o r  one-half t o t a l  
t r ave l  t i m e  where t h e  t ime-in-sui t  c o n s t r a i n t  a p p l i e s .  

Both t h e  c losed  loop and open loop systems eva lua ted  
h e r e i n  depend on gaseous v e n t i l i t a t i o n  t o  washout CO and humidity 
from t h e  helmet.  
levels  t o  7 .6  and 15mm Hg absolu te  p re s su res  as a func t ion  of  
metabol ic  ra te  are shown on Figure 1. The d a t a  of F igure  1 are 
based on MSC experiments using e a r l y  Apollo s u i t  v e n t i l a t i n g  systems. ( 6 )  
The r equ i r ed  flow ra tes  a r e  conserva t ive  va lues  as helmet v e n t i l a t i o n  
has  s i n c e  been improved. 

The oxygen flow r a t e s  r equ i r ed  t o  2cont ro l  C02 

Figure 2 shows flow rates r equ i r ed  t o  prec lude  v i s o r  fog- 
g ing  a s  a func t ion  of v i s o r  temperature a t  LEP b a s e l i n e  energy l e v e l s .  
Th i s  f i g u r e  has  been cons t ruc ted  from empi r i ca l  data which show t h a t  
t h e  amount of exp i r ed  moisture i s  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  vapor 
p r e s s u r e  and t o t a l  p re s su re  of t h e  i n s p i r e d  a i r  and d i r e c t l y  propor- 
t i o n a l  t o  minute volume ( i . e .  b rea th ing  r a t e  and d e p t h ) . ( 7 )  Since 
minute volume i s  l i n e a r l y  r e l a t e d  t o  metabol ic  ra te ,  mois ture  i n p u t  
t o  t h e  helmet can be predic ted  f o r  t h e  EVA a s t r o n a u t  i f  h i s  work load  
and atmospheric environment a r e  known. I f  i n l e t  c o n d i t i o n s  are known 
t o o ,  t h e  r equ i r ed  flow r a t e  for humidity c o n t r o l  can be determined 
psychometr ica l ly .  
d r y  gas  a t  60°F  and t h a t  1 0 0 %  mixing occurs .  

I t  i s  assumed i n  t h i s  s tudy  t h a t  i n l e t  oxygen i s  
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2 . 2  Closed Loop Operation (Buddy System) 

The -7 PLSS provides  6 cfm ($7 l b s / h r )  v e n t i l a t i o n  
flow t o  t h e  helmet.  The temperature of t h e  gas a t  t h e  PGA i n l e t  
i s  r equ i r ed  t o  be between 35'F and 85OF.(4) 
nau t s  t o  one PLSS reduces the  oxygen flow r a t e  t o  each man t o  
about 3.5 lb s /h r .  
t h e  oro-nasal  reg ion  below 15mm Hg a t  1 6 0 0  Btu/hr i f  t h e r e  i s  
no C02 r e tu rned  from t h e  PLSS. 
g ing  a t  v i s o r  temperatures  n e a r  60°F on r i d i n g  missions (700  Btu/ 
hr/man) and above 76OF on walking missions ( 1 4 0 0  Btu/hr/man). 

Connecting t w o  astro- 

This  ra te  is  adequate t o  c o n t r o l  C02 l eve ls  i n  

I t  a l s o  i s  adequate t o  prevent  fog- 

Two a s t r o n a u t s  on one PLSS w i l l  double t h e  consumption 

The e f f e c t  on t h e  C 0 2  absorber  ( l i t h i u m  
r a t e s  of oxygen and water  assuming equa l  work l e v e l s  and t h a t  t h e  
f a i l e d  PLSS is  u s e l e s s .  
hydroxide) l i f e t i m e  i s  much greater. Doubling t h e  metabol ic  ra te  
from 700 t o  1 4 0 0  Btu/hr reduces L i O H  l i f e  by a f a c t o r  of about  3 .  
An i n c r e a s e  from 1 4 0 0  t o  2800 Btu/hr reduces L i O H  l i f e t i m e  by a 
f a c t o r  g r e a t e r  than  5. Based on c u r r e n t l y  a v a i l a b l e  informat ion ,  
o v e r a l l  l i f e  of t h e  L i O H  i s  about 5 hours  a t  1 4 0 0  Btu/hr and about 
one hour a t  2800 Btu/hr. 

In spec t ion  of Liquid Cooling Garment (LCG) performance 
d a t a  i n d i c a t e s  t h a t  t h e  o v e r a l l  system f a l l s  behind i n  removing 
h e a t  from t h e  man a t  about  1700 Btu/hr.  A t  2800 Btu/hr. workload 
t h e  EVA a s t r o n a u t  w i l l  r each  t h e  permissable  h e a t  s t o r a g e  l i m i t  
( 4 0 0  Btu) i n  about  one hour.  Assuming t h a t  t h e  performance capa- 
b i l i t y  of t w o  l i q u i d  cool ing  loops on one PLSS i s  ha lved ,  extra-  
p o l a t i o n  of t h e  d a t a  suggests  t h a t  thermal  c o n t r o l  w i l l  be adequate 
f o r  emergency r e t u r n  on a r i d i n g  mission ( i .e .  1 4 0 0  Btu/hr i n p u t ) h t m a y  
n o t  be adequate f o r  r e t u r n  t i m e s  exceeding one hour on a walking 
mission ( i . e .  2800 Btu/hr i n p u t ) .  

I n  summary, it i s  concluded t h a t  p rov i s ion  of a buddy 
arrangement on t h e  -7 PLSS: 

W i l l  provide f o r  s a f e  emergency r e t u r n  of 
t h e  a s t r o n a u t s  on r i d i n g  missions wi thout  
exceeding emergency l i m i t s  f o r  CO c o n t r o l  
and h e a t  storage. Visor  fogging 2 w i l l  n o t  
be a problem a t  v i sor  temperatures  as low 
as 60°F. 

I t  w i l l  n o t  provide t h e  c a p a b i l i t y  f o r  
s a f e  r e t u r n  on walking missions i f  r e t u r n  
t i m e  exceeds one hour.  The l i m i t i n g  fac-  
t o r s  are L i O H  l i f e t i m e  and h e a t  s to rage .  
V i s o r  fogging would be a problem a t  v i s o r  
temperatures  below 76'F. 
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I t  should be noted t h a t  use of t h e  buddy PLSS/OPS con- 
f i g u r a t i o n  w i l l  probably r e q u i r e  making vacuum d i sconnec t s ,  an 
o p e r a t i o n a l  procedure which the  crews p r e f e r  t o  avoid.  I n  addi- 
t i o n ,  use of t h e  OPS i n  p lace  of t h e  SLSS for  o r b i t a l  s c i e n c e  
EVA may prove f e a s i b l e  only if t h e  OPS i s  used a s  a backup t o  
umbilical l i f e  suppor t .  

2.3 Open Loop Operation (Purge Mode) 

F igures  3 and 4 show t h e  t o t a l  oxygen and f l o w  rates 
r equ i r ed  du r ing  walking and r i d i n g  emergencies i f  gaseous oxygen 
only i s  used i n  a purge mode t o  s a t i s f y  a l l  func t ions  of  atmo- 
s p h e r i c  and thermal  c o n t r o l  during t h e  r e t u r n  per iod .  T h e  weight 
of oxygen, and system weight and volume, are shown on t h e  o r d i -  
n a t e s  as func t ions  of r e t u r n  t i m e .  The c a p a b i l i t y  of t h e  unmodi- 
f ied OPS i s  shown on each f i g u r e  as a p o i n t  of r e fe rence .  By 
comparing t h e  flow rates needed t o  s a t i s f y  each func t ion ,  it can 
be seen t h a t  h e a t  s t o r a g e  l i m i t a t i o n s  f i x  t h e  requirements  f o r  an  
oxygen purge system. I f  thermal c o n t r o l  i s  provided by o t h e r  
means, v i s o r  fogging dictates  t h e  r equ i r ed  flow r a t e s  u n l e s s  
visor  temperature  i s  maintained above 82OF. A t  v i s o r  tempera tures  
above 82OF, oxygen flow ra te  i s  d i c t a t e d  by C02  level c o n t r o l  
requirements .  

F igure  5 shows oxygen and w a t e r  requirements  f o r  an open 
loop conf igu ra t ion  i n  which thermal c o n t r o l  dur ing  emergencies 
on ly  i s  provided by an  evapora t ive  coo l ing  garment w i t h  a s e l f -  
conta ined  water supply.  u s e  of t h i s  garment with an OPS modified 
fo r  lower r i d i n g  o r  walking v e n t i l a t i n g  flow rates approximately 

i n c r e a s e  i n  o v e r a l l  weight ( for  t w o  men) of about  25 pounds. For 
t h e  same system weight (53 lbs/man) there i s  no s i g n i f i c a n t  d i f -  
f e r ence  between t h e  performance c a p a b i l i t i e s  of t h e  oxygen purge 
and oxygen purge p l u s  evapora t ive  coo l ing  conf igu ra t ions .  

doubles  t h e  r e t u r n  d i s t a n c e  c a p a b i l i t y  a t  t h e  expense of an 

2 . 4  Semi-open Loop (Demand R a t e  Mode) 

F igure  6 shows oxygen and water requirements  fo r  
t h e  s a m e  conf igu ra t ion  covered i n  F igure  5 wi th  t h e  a d d i t i o n  of  
a b r e a t h i n g  v e s t  t o  c o n t r o l  oxygen consumption t o  t h a t  r e q u i r e d  
f o r  leakage makeup ( ~ 0 . 0 1 3 4  lb /h r )  and metabolism. The brea th-  
i n g  v e s t  t r a p s  C 0 2  and lung moisture  and, t h e r e f o r e ,  e l i m i n a t e s  
any need f o r  high washout f l o w  rates. However, it provides  
ve ry  l i t t l e  cool ing  via  r e s p i r a t o r y  heat  exchange only.  H e a t  
l o s t  t o  t h e  gas v i a  convection and evapora t ion  modes i s  minimal. 
A s  a r e s u l t ,  water requirements f o r  thermal c o n t r o l  must be 
i n c r e a s e d  t o  avoid exceeding permissable  h e a t  s to rage  l i m i t s .  
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Comparison of Figure 6 with  F igu re  5 i n d i c a t e s  i n c r e a s e s  
i n  r e t u r n  t i m e  c a p a b i l i t y  o f . a b o u t  3 0 0 %  walking and 5 0 %  r i d i n g  
f o r  t h i s  conf igu ra t ion  wi th  added weight p e n a l t i e s  of  only 4 
and 2 pounds r e s p e c t i v e l y .  For t h e  r i d i n g  case, t h e  50% ga in  
i s  ob ta inab le  only i f  t h e  c u r r e n t  6-hour t i m e - i n - s u i t  l i m i t  i s  
waived. Imposi t ion of t h i s  c o n s t r a i n t  reduces r i d i n g  t i m e  
ga in  with t h e  b rea th ing  v e s t  t o  about 2 0 % .  

3 . 0  CONFIGURATION COMPARISONS 

The r e t u r n  d i s t a n c e  c a p a b i l i t i e s  f o r  t h e  va r ious  con- 
f i g u r a t i o n s  eva lua ted  i n  t h i s  s t u d y ,  i n  a d d i t i o n  t o  t h e  cur-  
r e n t l y  proposed -7 PLSS and SLSS, are l i s t e d  i n  Table I. Com- 
pa r i son  of t h e s e  r e s u l t s  show t h a t  t h e  -7  PLSS/SLSS combination 
i s  t h e  b e s t  choice t o  ob ta in  maximum range dur ing  l u n a r  s u r f a c e  
o p e r a t i o n s  i n  LEP. (The walk-back d i s t a n c e  of 9 k i lome te r s  f o r  
t h e  OPS+BV+ECGS i s  a r t i f i c i a l  s i n c e  maximum d i s t a n c e  on walking 
t r a v e r s e s  w i l l  be cons t r a ined  t o  5 . 4  k i lome te r s  by t h e  PLSS 
consumables r equ i r ed  f o r  nominal EVA'S)  . 

Table I1 i s  a comparison of t he  va r ious  conf igu ra t ion  
i n  t e r m s  of r a d i u s  f a c t o r s ,  es t imated  weights  and weight i n c r e -  
ments. Radius f a c t o r  and weight increments i n  t h i s  t a b l e  are 
based on t h e  -7 PLSS/OPS conf igura t ion .  Radius f a c t o r  i s  t h e  
r a t i o  of r e t u r n  d i s t a n c e  f o r  a given conf igu ra t ion  t o  walk-back 
d i s t a n c e  on t h e  OPS. The b a s e l i n e  weight of t h e  combination 
i s  1 3 5  pounds. 

Other conf igu ra t ions  a lso have been added t o  Table 11. 
One of  t h e s e ,  t h e  Optimized L i fe  Support System (OPLSS) i s  
p r e s e n t l y  under development by t h e  AiResearch Corporat ion.  A 
pre l iminary  design review of t h i s  system i s  planned f o r  December 
9-10 ,  1 9 6 9 .  

From Table 11, it  can be seen t h a t  t h e  c u r r e n t l y  plan-  
ned -7 PLSS/SLSS, though most d e s i r a b l e  f o r  r e t u r n  c a p a b i l i t y ,  
is t h e  l e a s t  d e s i r a b l e  choice  from a weight s t andpo in t .  Most 
d e s i r a b l e ,  i n  t e r m s  of both r e t u r n  d i s t a n c e  c a p a b i l i t y  and 
weight  sav ings  are t h e  -7 PLSS/OPS with t h e  buddy mod i f i ca t ion ,  
o r  t h e  OPLSS. A s  mentioned before ,  procurement of i t e m s  s t i l l  
be ing  developed (e .g .  t h e  OPLSS) carries inc reased  r i s k  of pro- 
gram s l ippage .  I n  a d d i t i o n ,  one o r  both O P L S S ' s ,  because back- 
up c a p a b i l i t y  i s  i n t e g r a l  t o  t h e  u n i t ,  may have t o  be carried 
d u r i n g  luna r  a scen t  i n  case  they a r e  needed f o r  t r a n s f e r  t o  t h e  
CM. This  would r e s u l t  i n  an excessive a s c e n t  s t a g e  weight pen- 
a l t y  ( 2 8 0  lbs vs .  8 0  l b s  f o r  t h e  OPS and 280  l b s  vs.  1 2 0  l b s  
f o r  t h e  SLSS)  . 
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Based on t h e  r e s u l t s  of t h i s  s tudy ,  two l i f e  suppor t  sys-  
t e m s  con f igu ra t ions  a r e  l o g i c a l  candida tes  f o r  emergency use dur ing  
luna r  EVA i n  LEP. These conf igu ra t ions  are: 

1) -7 PLSS/SLSS 
2 )  -7 PLSS (buddy system)/OPS 

Both systems w i l l  provide approximately t h e  s a m e  r e t u r n  
d i s t a n c e  c a p a b i l i t y .  However, t h e  buddy PLSS/OPS combination w i l l  
r e s u l t  i n  a reduct ion  of about 30 pounds i n  EMU weight c a r r i e d  t o ,  
and 40  l b s  r e tu rned  from t h e  l u n a r  s u r f a c e .  

The disadvantages of t h e  buddy PLSS/OPS conf igu ra t ion  are: 

a )  vacuum disconnect  i s  r equ i r ed  t o  change t o  buddy mode, 

b )  impacts o r b i t a l  sc ience  EVA c a p a b i l i t y  un le s s  t h e  OPS 
i s  used a s  a backup t o  umbilical l i f e  support ,and 

c)  w i l l  n o t  provide emergency walk-back c a p a b i l i t y  f o r  
more than one-hour due t o  non-l inear  performance 
c h a r a c t e r i s t i c s  of t h e  thermal  and carbon d ioxide  
c o n t r o l  subsystems. 

There may be o the r  o p e r a t i o n a l  c o n s t r a i n t s  and engineer ing  
problems, no t  t r e a t e d  i n  t h i s  s tudy ,  which prec lude  s e l e c t i o n  of  t h e  
buddy conf igu ra t ion .  For example, walk-back v e l o c i t y  and energy 
cost  i n  t h e  buddy mode a r e  not known; fan  and pump performance w i l l  
r e q u i r e  a n a l y s i s ;  and, s u i t  and back pack connectiiig arrangenients 
must be eva lua ted .  

Other systems which are s t i l l  i n  va r ious  s t a g e s  of develop- 
ment look very promising f o r  extended EVA use.  I n  p a r t i c u l a r ,  t h e  
b r e a t h i n g  v e s t  and evapora t ive  cool ing  garment appear t o  be break- 
throughs i n  l i f e  suppor t  systems development. U s e  of t h e s e  elements 
i n  t h i s  a n a l y s i s  i n  conjunct ion wi th  of f - the-she l f  hardware r e s u l t s  
i n  a suboptimum conf igura t ion .  Imposi t ion of c u r r e n t  o p e r a t i o n a l  
c o n s t r a i n t s  ( e .g .  6-hour t ime- in-su i t  l i m i t ) ,  however, l a r g e l y  pre-  
c ludes  r e a l i z i n g  ga ins  provided by t h e s e  u n i t s  which are most 
s i g n i f i c a n t  a t  high workloads or  as EVA t i m e  i s  inc reased .  The d a t a  
i n  t h i s  s tudy  do sugges t  t h a t  t h e  b rea th ing  v e s t  and ECGS may be 
e s p e c i a l l y  d e s i r a b l e  dur ing  emergencies and dur ing  o r b i t a l  s c i e n c e  
EVA where workload may be q u i t e  high and consumables l i f e  must be 
extended w i t h  minimum design impact on c u r r e n t  l i f e  suppor t  
c o n f i g u r a t i o n s .  

2032-TAB-tla T .  A.  Bottomley 

A t  tachmen t s  
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